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© Control apparatus for plane working robot. 



© There is disclosed a control apparatus for con- 
trolling a plane working robot (1, 1A) comprising a 
running unit (14) for running on a plane surface, a 
steering unit for steering the running unit (15) in a 
predetermined direction, a working unit (13) for per- 
forming a predetermined plane working such as 
cleaning, and a detecting unit (16) for detecting 
various and actual informations about running direc- 
tion and distance of the robot and an obstacle on the 
plane surface, thus permitting the working robot (1, 
1A) to take an optimum running path while avoiding 
an obstacle on the basis of sense outputs from the 
detecting unit (16) to conduct a work. This control 
apparatus comprises a working information setting 
element (21) for setting a working area where the 
jj» plane working is conducted, and for setting an opti- 
mum working running path within the set working 
garea in accordance with a predetermined algorithm, 
^.and a working control element (11, 11a) for control- 
ling the running unit and the steering unit (15) so 
°that the running unit (14) allows the robot (1, 1A) to 
Q^ run along the working running path set by the work- 
Uling information setting element (21), and for control- 
ling the working unit (13) so that the robot (1, 1A) 
conducts a predetermined work during running. 
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CONTROL APPARATUS FOR PLANE WORKING ROBOT 



BACKGROUND OF THE INVENTION 



This invention relates to a control apparatus for 
a plane working robot, and more particularly to an 
apparatus for controlling a running path of a work- 
ing robot for conducting a work such as cleaning, 
painting, finishing or inspecting, etc. with respect to 
a plane portion such as a floor surface, a wall 
surface or a window, etc. of a building while self- 
running along a predetermined running path. 

Generally, for all working robots to conduct a 
working while self-running on a plan surface, it is 
necessary to control their running paths in accor- 
dance with a predetermined control method. As 
such plane working robots, various kinds of robots 
are used in many fields. There are proposed var- 
ious robots, e.g., a robot for cleaning the floor 
surface of a structure such as a building, or the 
bottom surface of a pool or a water tank while self- 
running, a floor finishing robot for leveling or polish- 
ing the concrete floor of a building being con- 
structed, a wall surface working robot for imple- 
menting a working such as a cleaning or a tile- 
setting, etc. to a vertical plane such as a wall 
surface or a window of a building, a robot for 
carrying goods or parts, etc. while self-running 
within a warehouse or a factory, and a robot for 
performing various inspections in specially dan- 
gerous places such as a transforming station and 
the like. For these plane working robots, how the 
running path in self-running should be efficiently 
controlled while overcoming various constraints of 
the working contents is required. 

A control apparatus for an automatic cleaning 
robot as an example of the above-mentioned run- 
ning path control apparatus will now be described. 

In the conventional control apparatus, a proce- 
dure is taken as follows. Namely, a cleaning robot 
is caused to self-run along an obstacle such as a 
wall or guide means such as a groove prior to 
implementation of cleaning to store an external 
edge of a working area in advance. A running path 
within the working area is then computed in accor- 
dance with a predetermined algorithm on the basis 
of the area external edge information, thus to deter- 
mine the running path. The method of determining 
the running path will be described with reference to 
FIGS. 25 and 26. 

It is to be noted an area of which periphery is 
encompassed by a guide object 261 as shown in 
FIG. 26 is assumed as a cleaning area 260. Ini- 
tially, an automatic cleaning robot R is positioned 
at a start position 262 of the cleaning area 260. 
Then, the setting button of a manipulation unit 17 



having a panel 17a and pendant 17b, is depressed 
to input coordinates (x 0 , yc) of the start position 
262 and a reference 6o in a traveling direction to a 
computational processing section 251 of a control 
5 unit 250 (see FIG. 25) through an interface 253. 
These values are thus set. Then, the robot R is 
caused to conduct a learning running 263 along the 
guide object 261 such as a wall. Thus, the com- 
putational processing unit 251 computes, every 
10 moment, a current position (x, y) and as traveling 
direction 6 on the basis of sense signals transmit- 
ted through the interface 253 from a detecting unit 
16 such as a direction sensor 16a, a running dis- 
tance sensor 16b. and an obstacle sensor 16c. The 
75 unit 16 also has a falling prevention sensor 16d and 
touch sensor 16e. The computational processing 
unit 251 sequentially transmits computed results to 
a memory section 252 to allow the memory section 
252 to store and hold them therein, and to deter- 
20 mine the cleaning area 260 on the basis of these 
computed results, thus to compute an optimum 
running path 264 within the determined cleaning 
area 260. Then, the computational processing unit 
251 controls a running unit 14 and a steering unit 
25 15 through the interface 253 so that the cleaning 
robot R runs along the computed running path with 
cleaning by a cleaning unit 13. The robot R is 
stopped at a terminating position 265. 

In such a conventional automatic working robot 
30 such as the cleaning robot R, it is necessary that 
the working area is partitioned by an obstacle or a 
guide object such as a wall, etc. For this reason, 
there was the problem that the working area cannot 
be set unless an obstacle or a guide such as a 
35 wall, etc. is present, and therefore the work cannot 
be automatically carried out as a matter of course. 
Accordingly, in the case of carrying out a work for 
the area which is not partitioned by a guide object, 
etc., it is necessary to install a suitable guide 
ao object. The work for installing a guide object is 
very troublesome. Consequently, the work for an 
area which is not partitioned by a guide object, etc. 
by the working robot results In a bad efficiency and 
lackness in flexibility. 
45 In addition, where the working area is altered, it 
is required to carry a working robot to the altered 
working area each time to allow the working robot 
to conduct a learning running along the outer pe- 
riphery of that working area for a second time, 
50 resulting in the problem that this work takes much 
time. 



SUMMARY OF THE INVENTION 



«DOCID: <£P_04027e4AZJ_> 



EP 0 402 764 A2 



With the above circumstances in view, this 
invention has been made and its object is to pro- 
vide a control apparatus capable of allowing the 
working robot to conduct a self-running work even 
if there is no guide object such as a wall, etc. 

This invention provides a control apparatus for 
a plane working robot comprising a running unit for 
running on a plane surface, a steering unit for 
steering the running unit in a predetermined direc- 
tion, a working unit for performing a predetermined 
plane working to the plane surface, a detecting unit 
for detecting various and actual informations, about 
running direction and distance of the robot and an 
obstacle on the plane surface, and a control unit for 
controlling the running unit, the steering unit and 
the working unit on the basis of the informations 
detected by the detecting unit to allow a working 
robot to run in a working area so that the working 
robot conduct a working for a plane, characterized 
by the provision of working information setting 
means for setting a working area where the plane 
working is conducted to set an optimum working 
running path within the working area thus set by a 
predetermined algorithm, and working control 
means for controlling the running unit, the steering 
unit and the working unit so that the running unit 
runs along a running path set by the working 
information setting means whereby the working unit 
carries out a predetermined work. 

In accordance with the control apparatus for a 
plane working robot of this invention thus con- 
structed, a working area is set by the working 
information setting means and an optimum running 
path for working within the working area thus set is 
automatically set. The running unit, the steering 
unit and the working unit are controlled so that the 
running unit runs along the optimum running path 
for working and the working unit carries out a 
predetermined work. Thus, self-running work can 
be conducted even if there is no guide object such 
as a wall or a groove, etc. 



BRIEF DESCRIPTION OF THE DRAWINGS 



In the accompanying drawings: 

FIG. 1 Is a perspective view showing the 
appearance of an automatic cleaner (robot) as a 
first embodiment of a plane working robot control 
apparatus according to this invention; 

FIG. 2 is a block diagram showing the func- 
tional configuration of the control apparatus accord- 
ing to the first embodiment of this invention; 

FIG. 3 is a block diagram showing the func- 
tional configuration of the cleaning information set- 
ting means 21 in the first embodiment; 

FIG. 4 is a diagrammatical view showing an 



information transmitting path in the first embodi- 
ment; 

FIG. 5 is a flowchart showing the basic op- 
eration of the robot control apparatus according to 
s the first embodiment; 

FIG. 6 is a flowchart showing a procedure for 
preparing a memory card of the control apparatus 
according to the first embodiment; 

FIGS. 7 and 8 are a front view and a 
70 flowchart showing an input picture and a setting 
procedure in regard to the running area setting in 
the first embodiment, respectively; 

FIGS. 9 and 10 are a front view and a 
flowchart showing an input picture and a setting 
75 procedure in regard to the obstacle setting in the 
first embodiment, respectively; 

FIGS. 11 and 12 are a front view and a 
flowchart showing an input picture and a setting 
procedure in regard to the running path setting in 
20 the first embodiment, respectively; 

FIGS. 13 and 14A to 14C are a flowchart 
showing a practical algorithm in regard to the run- 
ning path setting and a plane view showing a 
cleaning area and a running path in a complicated 
25 circumstance in the control apparatus of the first 
embodiment, respectively; 

FIGS. 15 and 16 are a front view and a 
flowchart showing an input picture and a setting 
. procedure in regard to the path attribute setting in 
30 the control apparatus of the first embodiment, re- 
spectively; 

FIGS. 17 and 18 are a front view and a 
flowchart showing an input picture and a setting 
procedure in regard to the next block setting In the 
35 control apparatus of the first embodiment, respec- 
tively; 

FIGS. 19 and 20 are a front view and a 
flowchart showing an input picture and a setting 
procedure in regard to the memory card manage- 
40 ment in the control apparatus of the first embodi- 
ment, respectively; 

FIG. 21 is a format diagram showing con- 
tents recorded into the memory card in the control 
apparatus of the first embodiment; 
45 FIGS. 22 and 23 are plane views showing 

running patterns of an automatic cleaning robot 
according to the first embodiment; 

FIG. 24 is a plane view showing a running 
pattern of an automatic cleaning robot according to 
so a second embodiment of this invention; 

FIG. 25 is a block diagram showing the 
functional configuration of an automatic cleaning 
robot as an example of a conventional control ap- 
paratus; and 

55 FIG. 26 is a plane view showing a running 

pattern of the robot shown in FIG. 25. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS : 



Preferred embodiments of a running path con- 
trol apparatus for a plane self-running working ro- 
bot according to this invention will be described 
with reference to the attached drawings. In this 
specification, an explanation will be made by taking 
an example of a floor surface automatic cleaner as 
a representative of the self-running working robot. 

A first embodiment of an automatic cleaner as 
a plane working robot according to this invention 
will be described with reference to FIGS. 1 to 23. 
The automatic cleaner of the first embodiment is 
shown in FIGS. 1 and 2. The automatic cleaner 1 of 
the first embodiment comprises a control unit 11, a 
memory card reading unit 12, a cleaning unit 13 as 
a working unit, a running unit 14, a steering unit 15, 
a detecting unit 16, a manipulation unit 17, and a 
working information setting unit 21 such as clean- 
ing area setting means (not shown). The cleaning 
unit 13 comprises a cleaning tool 13a, a cleaning 
liquid supply unit 13b for supplying a cleaning 
liquid required for cleaning, and a collection unit 
13c for collecting filth produced as the result of 
cleaning. The detecting unit 16 comprises a direc- 
tion sensor 16a, a running distance sensor 16b, an 
obstacle sensor 16c, a falling prevention sensor 
16d, and a touch sensor 16e. The direction sensor 
16a is comprised of a gyro-device to output at- 
titude angle information for an attitude control of 
the running unit 14. The running distance sensor 
16b is attached on the running unit 14 to sense a 
running distance. The obstacle sensor 16c senses 
a distance up to an obstacle on a wall surface and 
a floor surface of the cleaning area. The falling 
prevention sensor 16d senses a platform or a stair- 
step. This sensor I6d is used for preventing the 
automatic cleaner 1 as the working robot from 
being fallen. The touch sensor 16e is provided on 
the front surface of the automatic cleaner 1 to 
directly come into an obstacle such as a wall 
surface, etc. to sense presence of that obstacle, 
thus to conduct an emergency stop of the auto- 
matic cleaner 1. In addition, the manipulation unit 
17 is comprised of a manipulation panel 17a and a 
manipulation pendant 17b. An operator manually 
operates the manipulation pendant 17b to allow the 
automatic cleaner 1 to carry out a running or clean- 
ing operation. 

The functional configuration of the control unit 
11 is. shown in FIG. 2, and the functional configura- 
tion of the working Information setting means 21 is 
shown in FIG. 3 on the other hand. In FIG. 3, the 
working information setting means 21 comprises a 
data input unit 22, a data display unit 23, data 
processing unit 25, and a data storage unit 24. The 



data input unit 22 is used for inputting data re- 
quired for setting working information such as 
cleaning information. The data processing unit 25 
comprises running area setting means 26, obstacle 
5 setting means 27, running path setting means 28, 
path attribute setting means 29, memory card man- 
agement means 30, and next block setting means 
33. This data processing unit 25 sets working in- 
formation on the basis of data inputted through the 

w data input unit 22. The data display unit 23 is used 
for displaying data inputted through the data input 
unit 22 and data processed by the data processing 
unit 25 (see FIG. 4). The data storage unit 24 
stores working information set by the data process- 

?5 ing means 25 into the memory card 32 (see FIG. 
4). it is to be noted that the working information 
setting means 21 is generally provided separately 
from a body of the automatic cleaner 1 . 

The memory card reading unit 12 is used for 

20 reading working information stored in the memory 
card 32 and is provided on the body of the auto- 
matic cleaner 1 (see FIG. 4). 

The control unit 1 1 comprises a computational 
processing section 11a, a memory section 11b, 

25 and an interface 11c. This control unit 11 controls 
the running unit 14, the steering unit 15 and the 
cleaning unit 13 on the basts of cleaning informa- 
tion read by the memory card reading unit 12 or 
cleaning information inputted through the manipula- 

30 tion unit 17, and sense outputs from various sen- 
sors 16a 16e of the detecting unit 16. 

The operation of the first embodiment will now 
be described. Initially, the basic operation steps will 
be explained in accordance with the flowchart 

35 shown in FIG. 5. An operator sets cleaning informa- 
tion, i.e., a cleaning area and various working con- 
ditions within the cleaning area, by using the work- 
ing information setting means 21, on the basis of 
complexity of the shape of a cleaning area that the 

40 operator intends to clean and presence and ab- 
sence of an obstacle in a working area including 
that cleaning area, or sets a cleaning area by using 
the manipulation unit 17 as in the prior art, thus to 
determine over which range and along which run- 

45 ning path the automatic cleaning. In the case of 
setting cleaning information by using the working 
information setting means 21, cleaning information 
is set thereafter to store this cleaning information 
into the memory card 32 of the memory medium. 

so Then, the power supply of the automatic cleaner 1 
is turned on (step ST51 of FIG. 5). 

It is to be noted that the memory card 32 in 
which cleaning information is stored is inserted 
before the power supply is turned on. After the 

55 power supply is turned on, the control unit 11 
checks whether or not the memory card 32 is 
inserted into the memory card reading unit 12 (see 
step ST52 of FIG. 5) to carry out an automatic 
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cleaning on the basis of cleaning information set by 
the working information setting means 21 if the 
memory card 32 is inserted (see step ST55). In 
contrast, when the memory card 32 is not inserted, 
a straight advance running distance and the num- 
ber of turn-back operations are inputted by using 
the manipulation panel 17a of the manipulation unit 
17 to set cleaning information required for work 
such as the contents of the cleaning work and/or 
the cleaning speed, etc., thus- to carry out an 
automatic cleaning (set steps ST53, ST54 and 
ST55). In the automatic cleaning, the cleaning in- 
formation thus set and various sense outputs from 
the detecting unit 16 are subjected to data pro- 
cessing at the computational processing section 
11a of the control unit 11. Thus, the cleaning unit 
13, the running unit 14*and the steering unit 15 are 
drive-controlled. 

The operation of the working information set- 
ting means 21 of the automatic cleaner 1 will now 
be described mainly with reference to the 
flowcharts shown in FIGS. 6 to 12. 

With respect to the preparation of the memory 
card 32, it is first confirmed at step ST61 that the 
memory card is inserted." At step ST62, a format of 
the memory card is read in the case of performing 
the format of the memory card. In the case of 
reading out an existing file to implement cleaning 
to a cleaning area which was previously cleaned in 
the same manner as the previous manner, informa- 
tion already recorded in the memory card 32 is 
read at step ST63. The content thereof is grasped 
at step ST64. Where there is a need to alter 
various setting contents, the procedure undergoes 
step ST65 to return to the initial step ST61. When 
the preparation of a new running file is required, 
the preparation is performed by the following con- 
trol steps. 

An explanation will be made in connection with 
the case where the preparation of a new running 
file is selected in the flowchart shown in FIG. 6. 

The processing carried by the running area 
setting means 26 shown in the step ST80 of FIG. 6 
is as follows. 

The necessary items at the time of setting the 
running area are shown as a running area setting 
picture 71 of FIG. 7. The setting procedure is as 
shown in the flowchart of FIG. 8. Initially, the name 
of a working place where the automatic cleaner 1 
carries out a cleaning work is inputted (see step 
ST81). Thereafter, representative points of an area 
where the work is required to be carried out by the 
automatic cleaner 1 are inputted (see step ST82). 
Then, at steps ST83, ST84 and ST85, a size of the 
automatic cleaner 1, and 'a lapping quantity of 
cleaning paths and a quantity indicating to what 
extent cleaning should be carried out in the work- 
ing area when the automatic cleaner 1 cleans the 



working area. Thus, the running area setting is 
completed. In this embodiment, with respect to the 
lapping quantity of cleaning paths, where data input 
is not carried out, an optimum lapping quantity is 
5 automatically determined from the running area 
and the size of the robot (step ST84). in step ST 
85, a cleaning quantity is set. 

The processing carried by the obstacle setting 
means 27 as indicated by the step ST100 of FIG. 6 
70 will now be described. The necessary items at the 
time of setting an obstacle are shown as an ob- 
stacle setting picture 91 of FIG" 9. Further, the 
setting procedure is as indicated by a flowchart of 
FIG. 10. A working area diagram prepared in ad- 
15 vance by the running area setting means 26 is 
described (see step ST101). The central position of 
an obstacle and the size thereof which are known 
in advance are inputted (see steps ST102 and 
ST103). Further, where there is still a need to 
20 setting an obstacle, input operations are repeatedly 
conducted in the same manner as stated above. 

The processing carried out by the running path 
setting means 28 are indicated by the step ST120 
of FIG. 6 will now be described. The necessary 
25 Items at the time of setting a running path is shown 
as a running path setting picture 111 of FIG. 11. 
The running path setting means 28 describes work- 
ing area information, already prepared by the run- 
ning area setting means 26 and the obstacle set- 
so ting means 27 as indicated by a flowchart of FIG. 
12 (see step ST121). Data indicating a vertex of the 
set area from which cleaning is initiated are input- 
ted (see step ST122), and data indicating a direc- 
tion of allowing the cleaner to run are inputted (see 
35 step ST123). Then, straight advance operation is 
continued except for a working unable portion until 
an obstacle is found out (see step ST124) to judge 
whether or not the entire working area is subjected 
to cleaning (step ST125). Where any working area 
40 still exists after judgement, a judgement is made so 
as to continue a working. When an obstacle is 
found out, a judgement is made as to whether or 
not the automatic cleaner 1 can avoid that obstacle 
(see step ST126), If it is judged that the automatic 
45 cleaner 1 can avoid that obstacle, it avoids that 
obstacle by a distance corresponding to the width 
thereof to continue straight advance operation (see 
step ST127). In contrast, where it is judged that the 
automatic cleaner 1 cannot avoid that obstacle, it 
so laterally advances by a set lateral advance distance 
(see step ST128), thus to generate a running path 
so that the automatic cleaner can carry out a 
cleaning of a working area everywhere. 

A practical algorithm for determining such a 
65 running path will be described with reference to the 
flowchart of FIG. 13 and FIGS. 14A, 14B and 14C. 

Where the cleaning area is an area like a 
square room where no obstacle is placed, the 
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control unit 11 equally divides the cleaning area in 
consideration of the lapping quantity in cleaning by 
the cleaner 1 so that the cleaner 1 can carry out a 
cleaning work without uselessness along any direc- 
tion of a room, to thus determine a running path. At 
this time, the control unit 1 1 allows for not only the 
lapping quantity but also a starting position, a mov- 
ing direction and a preferential direction. The deter- 
mination of the running path based on equal di- 
vision may be carried out, e.g., in the case of a 
rectangular room, in consideration of whether run- 
ning along the long side of the rectangular room is 
more efficient than the running along the short side 
thereof, or vice versa. Since such a space where 
no obstacle is placed is rather rare in practice, in 
most case, a running path capable of carrying out a 
cleaning with a good efficiency while avoiding an 
obstacle is determined in accordance with the fol- 
lowing algorithm. 

Where the cleaning area is not simply rectan- 
gular and obstacles are placed at various piaces, 
an approach is employed to input the shape of this 
area and position of the obstacles, etc. into the 
control unit 11, thus to determine a running path for 
carrying out a cleaning work with the highest effi- 
ciency. When the automatic cleaner 1 is caused to 
carry out a cleaning work of a room situated as 
shown in FIGS. 14A to 14C and the cleaning work 
start, position by the cleaner 1 is assumed as 
shown, a fixed directed in which the robot 1 can 
run while carrying out a cleaning work is deter- 
mined as indicated by the step ST130 of FIG. 13. 
Namely, the straight advance running path is deter- 
mined. Then, a running path is computed in con- 
nection with the area limitation in a straight ad- 
vance direction and a lateral direction also in con- 
sideration of the size of each obstacle. The outline 
thereof is basically as shown in FIG. 13. A judge- 
ment is made whether or not an obstacle can be 
sensed from input information when the robot 1 
runs along the straight advance running path (step 
ST131). When the obstacle is sensed, a judgement 
is made as to whether or not the robot 1 can avoid 
that obstacle by a lateral traveling in a range which 
does not deviate from a lapping quantity (step 
ST133). Where the robot 1 avoid that obstacle, the 
robot 1 returns to an original running path when 
that obstacle becomes absent (step ST137). On the 
other hand, where an obstacle extends to the area 
limitation, the robot 1 turns reversely so that the 
running paths overlap with each other by a lapping 
quantity determined at the step ST84. and makes a 
straight advance in an opposite direction (step 
ST143). For this reason, a judgement is made as to 
whether the robot 1 can be turned reversely from 
the situation of a room (step ST142). The robot 1 
reversely runs until the area limitation results with 
respect to both the straight advance direction and 



the lateral traveling direction to determine a running 
path so that the robot can carry out a cleaning 
work (step ST144). 

Accordingly, even in the case of a room com- 
5 plicatedly situated as shown in FIG. 14A, the most 
efficient running path is determined. Where an ob- 
stacle cannot be avoided by any means, although 
running paths partially overlap with each other, a 
running path is determined so that a portion which 
70 cannot be completely subjected to cleaning be- 
comes absent. Further, in the case of a consider- 
ably elongated room, it is efficient to continuously 
conduct a running advantageously in a length di- 
rection. Accordingly, obstacles positioned at the 
75 corners of the room can be avoided under the state 
whether running paths overlap with each other to 
some extent. 

The processing carried out by the path at- 
tribute setting means 29 as indicated by the step 
20 ST160 of FIG. 6 will now be described. The neces- 
sary items at the time of setting the path attribute 
is shown by the path attribute setting picture 151 of 
FIG. 15. Further, as indicated by the flowchart of 
FIG. 16, the setting means 29 describes graphic 
25 pictures obtained by dividing the working area pre- 
viously prepared at the running path setting means 
28 (see step ST161). 

Then, running path to which various attributes 
are required to be added is elected (see step 
30 ST162) to display an attribute menu stored in ad- 
vance in the memory medium to selectively input 
the content of that attribute (see steps ST163 and 
ST164). Where there is a need to add another 
attribute function to the above-mentioned running 
35 path, the content of that attribute is selectively 
input in a manner similar to the above, thus to set 
an attribute required for this path (see step ST165). 
Further, with respect to other running paths, setting 
of various attributes is similarly made (see step 
40 ST166). 

The contents of various attributes will now be 
described. The attribute in this embodiment is 
roughly classified into the environmental condition, 
the cleaning condition 1, the cleaning condition 2, 
45 and the running condition. With respect to the 
environmental condition, floor member, wall mem- 
ber, temperature and humidity can be set as the 
attribute. With respect to the floor material, by 
setting material of the floor member as the at- 
50 tribute, an optimum pressure and the number of 
revolutions of a brush or a pad correspond to that 
floor member can be set. This is because a pres- 
sure and the number of revolutions of a brush or a 
pad adapted to the hardness of the floor member 
55 and unevenness of the floor surface, etc. is set. 
With respect to the wall member, by setting ma- 
terial of that wall member, an optimum obstacle 
sensor corresponding to the wall member can be 

6 
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set. Namely, because measurement cannot be 
made, by a laser sensor in the case where the wall 
member is glass, a ultrasonic sensor is set. On the 
other hand, because measurement can be made 
by both a ultrasonic sensor and a laser sensor in 
the case of a concrete, e.g., a laser sensor capable 
of making a measurement in this embodiment js 
set. With respect to the temperature, by a tempera- 
ture at a place subject to cleaning as the attribute, 
a speed of the automatic cleaner 1 at the time of 
wet cleaning can be set to an optimum speed 
corresponding to temperature. When the surface 
rinsing and cleaning is carried out, wax is ordinarily 
exfoliated by the chemical reaction of a cleaning 
material. Accordingly, a difference between reac- 
tion times due to the magnitude of temperature is 
corrected by a running speed, thus permitting a 
setting such that the finishing state of cleaning is 
uniform at all times. With respect to the humidity, 
by setting a humidity at a place subject to cleaning 
as the attribute, a quantity of a cleaning liquid or 
water at the time of wet cleaning can be set to an 
optimum liquid quantity corresponding to humidity. 
This is because when the humidity is low, the floor 
surface is dried, requiring a greater quantity of 
liquid, while when the humidity is high, cleaning 
can be sufficiently made by a small quantity of 
liquid. 

With respect to the cleaning condition 1 t the 
content of the cleaning work can be set as the 
attribute. As the content of the cleaning work, three 
kinds of cleaning modes, i.e., wet cleaning, dry 
cleaning and vacuum cleaning can be set. With 
respect to the cleaning condition 2, it can be set in 
dependency upon the states of the floor surface 
each occasion, e.g., the state where the floor sur- 
face is very dirty, the state where that surface is 
not so dirty, or the like in connection with the 
pressure of brush or pad, the number of revolutions 
thereof, and a quantity of scattering of a cleaning 
liquid. Accordingly, cleaning work is ordinarily con- 
ducted on the basis of information set by the 
environmental condition in the cleaning area. On 
the other hand, in running paths where a cleaning 
work parameter is required to be newly set, setting 
is made by the cleaning condition 2 to conduct 
cleaning works corresponding to respective floor 
surfaces. 

With respect to the running condition, in run- 
ning paths where a cleaning speed is required to 
be newly set, setting is made by a running con- 
dition corresponding to the speed set by the envi- 
ronmental condition in the same manner as in the 
cleaning condition 2, thus to set speeds corre- 
sponding to respective running paths. 

The processing carried out by the block setting 
means 33 as indicated by the step ST180 of FIG. 6 
will now be described. The necessary items at the 
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time of setting a next block is shown by a next 
block setting picture 171 of FIG. 17. As shown in 
the flowchart of FIG. 18, a number of a next block 
is first inputted thereafter to input a start direction 

5 of the next block (see steps ST181 and ST182). 
This indicates a direction of the start position of the 
next block relative to the last cleaning completion 
position. Eight directions (front, behind, left, right, 
front left, front right, behind left, behind right) can 

to be designated. Then, a moving distance up to the 
start position of the next block is inputted by the 
coordinates (X, Y), thus to set the next block (see 
step ST183). 

The processing carried out by the memory 

T5 card management means 30 as indicated by the 
step ST200 of FIG. 6 will now be described. The 
necessary items at the time of the memory card 
management is shown by a memory card manage- 
ment picture 191 of FIG. 19. As indicated by the 

20 flowchart of FIG. 20, in the case of attempting to 
store data into the memory card 32 at the time of 
start of the cleaning information setting means 21, 
the memory card management means 30 selects a 
write processing (see step ST201) to write cleaning 

25 information set by the running area setting means 

26 to the next block setting means 33 into the 
memory card 32 (see step ST202). Further, in the 
case of attempting to make a reference to or modi- 
fy information already written into the memory card 

30 32, the memory card management means 30 se- 
lects a readout processing (see step ST203), thus 
to initiate readout operation of cleaning information 
set by the running path setting means 28 to the 
next block setting means 33 (see step ST204). 

35 Furthermore, in the case of attempting to utilize the 
memory card 32 at the working information setting 
means 21, the memory card management means 
30 sets a format (see step ST205) to initiate a 
format initialization of the memory card 32 (see 

40 step ST206). The content or format of the memory 
card 32 is shown in FIG. 21. As seen from this 
format, a block No. set by the running area setting 
means 26 is stored into the address 211, and 
Information of an ID area set by the running area 

45 setting means 26 and the obstacle setting means 

27 are stored into the address 212. Further, in- 
formation set by the running path setting means 
28, i.e., a straight advance distance and a lateral 
travel distance are stored into the addresses 213a 

50 and 213c, respectively. In addition, information set 
by the path attribute setting means 29 is stored 
into the address 213b. Such operations are re- 
peated X times with respect to the running path. A 
stop code indicating termination of the running path 

55 is stored into the address 216a. Then, a next block 
No. set by the next block setting means 33 is 
stored into the address 217, a direction of the next 
block and a moving distance are stored into the 
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addresses 217a and 217b t respectively. In accor- 
dance with the above-mentioned format, informa- 
tion corresponding to the entire blocks are stored. 
The end of block can be set by inputting a block 
end code when setting a next block No. by the 
next block setting means 33. The operation of the 
cleaning information setting means 21 has been 
described as above. 

Various setting operations on a on-line basis 
without using the cleaning information setting 
means 21 will now be described. By using the 
manipulation panel 17a of the manipulation unit 17 
of the automatic cleaner 1, a cleaning speed, a 
pressure of the brush or the pad. the number of 
revolutions of the brush or the pad, and a quantity 
of scattering of a cleaning liquid are set, and one of 
the wet cleaning, the dry cleaning, and the vacuum 
cleaning is selected. Then, by using the manipula- 
tion panel 17a of the manipulation unit 17, a direct 
advance running distance and the number of 
turning-back operations are inputted to set a clean- 
ing area thereafter to initiate the automatic clean- 
ing. In this method, in the case of a broad cleaning 
area (e.g., 100 m x 100 m), as shown in FIG. 22, 
running paths 221 are determined every several 
ten meters thus to partition the cleaning area. Be- 
fore there occurs an attitude error by the drift of 
the direction sensor 16a provided for performing an 
attitude control, the cleaning work of the partitioned 
cleaning areas is completed. Thus, even if correc- 
tion means for correcting an attitude error (a mark- 
er is attached on the floor surface, a tool for 
correction is affixed thereon, or the like) is not 
provided, a broad cleaning area can be subjected 
to cleaning everywhere. Further, in the case where 
an obstacle 231 such as a wall or a pillar, etc. is 
installed in the area 230 before a set straight ad- 
vance running distance as shown in FIG. 23. an 
approach is employed to store a distance up to 
that obstacle such as a wall or a pillar, etc. to 
conduct a lateral travel by the stored distance 
thereafter to allow the robot 1 to run in an opposite 
direction, thus to determine a running path 232 (a 
position A in FIG. 23). Then, after lateral travel, the 
cleaner 1 is caused to run in an opposite direction 
by the initially set straight travel distance (a posi- 
tion B in FIG. 23). By repeating such operations, 
cleaning can be conducted every where even in 
the uneven cleaning region 230. 

As described above, in accordance with this 
embodiment, an automatic cleaning can be sat- 
isfactorily conducted even if there is no guide 
object such as a wall surface. 

A second embodiment of an automatic clean- 
ing device according to this invention will now be 
described with reference to FIG. 24. In the auto- 
matic cleaner 1A of the second embodiment, there 
is additionally provided an attitude sensor 16f in 



the automatic cleaning device 1 of the first embodi- 
ment shown in FIG. 1 . This cleaning device is used 
in a cleaning area 240 where an optical reflection 
mark 244 such as a metal plate, etc. is attached on 
5 the floor surface. 

The operation of the automatic cleaner 1A of 
the second embodiment will be described by tak- 
ing an example where a broad cleaning area 240 
such as a platform, etc. is subjected to cleaning. 
jo The setting of cleaning information is carried out in 
a manner similar to that in the first embodiment. 
Initially, a broad cleaning area is partitioned into a 
plurality of blocks by using the working information 
setting means 21. 
75 This is carried out for the purpose of correcting 
a drift by the gyro-device. After various working 
conditions in respective blocks are set. they are 
stored into the memory card 32. The memory card 
32 thus stored is inserted into the automatic clean- 
20 er 1A to manually guide the automatic cleaner 1A 
so that it is located at a start position 242 of the 
first block shown in FIG. 24. Then, by depressing a 
start button for an automatic cleaning of the ma- 
nipulation panel 17a, an automatic cleaning is ini- 
25 tiated along a running path 241. After the automatic 
cleaning is initiated, an optical reflection mark such 
as a metal plate, etc. attached on the floor surface 
is sensed by attitude sensors 16f (optical sensor or 
laser sensor, etc.). Then, an inclination of the auto- 
ao matic cleaner 1A is calculated from a time dif- 
ference between left and right attitude sensors 16f. 
Thus, cleaning is conducted in accordance with 
cleaning information such as path 241, etc. set by 
using the cleaning information setting means 21 
35 while correcting that inclination. When cleaning of 
the first block is completed at the position of com- 
pletion 243, the automatic cleaner is automatically 
moved to a start position 244 of the second block 
in accordance with a direction and a moving dis- 
40 tance of the next block set by the working informa- 
tion setting means 21. In a manner as stated 
above, cleaning is conducted in accordance with 
various cleaning conditions while correcting an in- 
clination of the automatic cleaner 1A. By imple- 
45 menting such operation to the entire blocks set, the 
automatic cleaner 1A is caused to run up to the 
final completion position 245 to conduct an auto- 
matic cleaning of a broad cleaning area such as a 
platform, etc. 

so As described above, in accordance with the 
second embodiment, the same advantages as 
those of the first embodiment can be provided. 
Further, as the result of the fact that a drift of the 
direction sensor 16a can be corrected, an auto- 

55 matic cleaning can be conducted even in the case 
where the cleaning area is a broad area such as a 
platform, etc. 

It is to be noted that while the memory card is 
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used as a medium for transmitting cleaning in- 
formation in the first and second embodiments, this 
invention is not limited to such a memory card. For 
example, a floppy disk or a bubble cassette may 
be used. In addition, communication means by a 
radio wave modem. 

Further, while an optical reflection mark such 
as a metal plate, etc. is used for modification of an 
attitude at a start position of a next block in the 
second embodiment, a magnetic mark may be 
used to sense this magnetic mark by a magnetic 
sensor, or a paint mark may be used to sense this 
paint mark by an image sensor. 



Claims 

1. A control apparatus for a plane working 
robot (1, 1A) comprising a running unit (14) for 
running on a plane surface as a working object, a 
steering unit (15) for steering said running unit in a 
predetermined direction, a working unit (13) for 
performing a predetermined plane working to said 
plane surface, a detecting unit (16) for detecting 
various and actual informations about running di- 
rection and distance of said robot and an obstacle 
on said plane surface, and a control unit (11) for 
controlling running and working of said robot on the 
basis of said informations from said detecting unit 
(16), characterized by the provision of: 

working information setting means (21) for setting a 
working area where said plane working is con- 
ducted to set an optimum working running path 
within said working area thus set by a predeter- 
mined algorithm, and 

working control means (11a) for controlling said 
running unit (14) and said steering unit (15) so that 
said running unit (14) runs along said working run- 
ning path set by said working information setting 
means (21), and for controlling said working unit 
(13) to carry out said plane working. 

2. A control apparatus as set forth in claim 1 . 
wherein said working robot (1, 1A) to be controlled 
is comprised of a floor cleaning robot, said working 
unit (13) being a cleaning unit for cleaning the floor 
surface of a room. 

3. A control apparatus as set forth in claim 2, 
wherein said working information setting means 
(21) comprises: 

data processing means (25) for processing various 
data in regard to a cleaning work that said robot 
conducts, 

data storage unit (24) for storing said various data, 
a data input unit (22) for inputting predetermined 
data into said processing means, and 
a display unit (23) for displaying data contents in 
order to set said various data. 

4. A control apparatus as set forth in claim 3 ( 



wherein said processing means (25) comprises: 
running area setting means (26) for setting a clean- 
ing area as an area where said robot (1 , 1 A) should 
carry out a learning work, 
5 obstacle setting means (27) for setting a position of 
an obstacle within a cleaning area set by said area 
setting means (26), 

running path setting means (28) for setting a run- 
ning path in accordance with a predetermined al- 
io gorithm so that a cleaning work is carried out on 
the basis of data set by said two setting means 
(26, 27), 

path attribute setting means (29) for adding a slight 
modification to said running path by data obtained 

rs by adding a path attribute peculiar to a running 
path set by said path setting means (28), 
next block setting means (33) wherein when said 
cleaning area is a broad area and/or is in a com- 
plicated form, said next block setting means (33) 

20 divides said area into several blocks to make a 
setting every block such that cleaning can be con- 
ducted while avoiding said obstacle, and 
storage unit management means (30) for allowing 
said data storage unit (24) to store a 

25 cleaning/running path set by said respective setting 
means. 

5. A control apparatus as set forth in claim 4, 
wherein said running path setting means (28) pre- 
pares a graphic picture on the basis of a running 

30 area and information of an obstacle to first set a 
basic running path by inputting a work starting 
point and a traveling direction thereafter to make a 
fine setting of a path along which said working 
robot (1, 1A) avoids an obstacle and is reversely 

35 turned in accordance with said basic path. 

6. A control apparatus as set forth in claim 4, 
wherein said running path setting means (28) ba- 
sically first forms a running path along the length 
side of a room thereafter to set a lateral travel 

40 running path for avoiding an obstacle and/or revers- 
ing said running path with respect to a straight 
advance path in the length direction. 

7. A control apparatus as set forth in claim 3, 
wherein said data storage unit (24) is comprised of 

45 a memory card storage unit using a memory card 
(32) as the memory medium, and wherein said 
management means (30) conducts a management 
writing information into said memory card (32) 
and/or reading it therefrom. 

so 8. A control apparatus as set forth in claim 1, 
wherein said detecting unit (16) comprises a direc- 
tion sensor (16a) for sensing an angle of attitude 
for an attitude control of said running unit (14), a 
running distance sensor (16b) for sensing a running 

55 distance of said running unit (14), an obstacle sen- 
sor (16c) for sensing an obstacle on a wall surface 
and a floor surface. 

9. A control apparatus as set forth in claim 8, 
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wherein said detecting unit (16) further comprises a 
falling prevention sensor (16d) for preventing said 
robot (1, 1A) from being fallen down from said 
plane surface, and a touch sensor (16e) provided 
on a front of said robot (1, 1A). 

10. A control apparatus as set forth in claim 9, 
wherein said touch sensor (16e) is comprised of 
left and right attitude sensors (16f) which provide a 
time difference with said control unit (11), to cal- 
culate an inclination of said robot (1, 1A). 
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